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Summary We report a case of a 68-year-old woman with sudden onset of position-dependant
hypoxemia after recovering from pulmonary embolism. Transesophageal echocardiography
(TEE) and cardiac catheterization revealed the presence of patent foramen ovale (PFO) and
right-to-left shunting with no evidence of the right-to-left pressure gradient especially in the
right lateral decubitus position. Surgical closure of the PFO was performed because the right-
to-left shunting caused position-dependent severe hypoxemia. At operation, it was noted that
the patient’s enlarged aortic root pressed the heart inferiorly and compressed the upper part
of the right atrium. A large Eustachian valve, which is an embryonic remnant of the right valve
of the sinus venosus, was observed in the right atrium. Preceding pulmonary embolism could
lead to a temporal elevation of the right heart and pulmonary arterial pressures and it caused
the reopening of the closed foramen ovale. To the best of our knowledge, this is the ﬁrst case
of reopening of the foramen ovale causing sudden onset of position-dependent hypoxemia.
© 2009 Japanese College of Car
∗ Corresponding author. Tel.: +81 75 751 3932;
fax: +81 75 751 3909.
E-mail address: mfujita@kuhp.kyoto-u.ac.jp (M. Fujita).
I
S
t
s
r
h
1878-5409/$ — see front matter © 2009 Japanese College of Cardiology.
doi:10.1016/j.jccase.2009.08.007diology. Published by Elsevier Ireland Ltd. All rights reserved.
ntroductioneveral anatomical alterations are known to induce right-
o-left shunting through an interatrial defect such as atrial
eptal defect or patent foramen ovale (PFO). Here, we
eport a case with sudden onset of position-dependent
ypoxemia, which was caused by reopening of the foramen
Published by Elsevier Ireland Ltd. All rights reserved.
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CFigure 1 Longitudinal transesophageal echocardiograms with
the direct blood ﬂow from the inferior caval vein to the patent
by enlarged aortic root in the right lateral decubitus position. A
ovale after pulmonary embolism under the presence of a
large Eustachian valve and position-dependent compression
by the enlarged aortic root.
Case report
A 68-year-old woman was transferred to our institution with
progressive shortness of breath speciﬁcally in the right lat-
eral decubitus position. She had been in good health until
she was admitted to another hospital for the treatment of
lumbar hernia approximately 3 months before. On the 5th
operation day, she noted dyspnea during her ﬁrst walking for
rehabilitation. Pulmonary embolism was detected with an
enhanced computed tomography (CT) scan, and ultrasonog-
raphy of the lower extremities revealed the presence of
deep vein thrombi in both legs. She had anticoagulant ther-
apy and she gradually recovered from shortness of breath
and hypoxemia. However, she suffered from severe and
another kind of hypoxemia on the 15th operation day. Her
dyspnea was induced specially in the right lateral decubitus
position with a resting room air pulse oximetry saturation
of 70%, and was relieved in the erect or sitting position
with a recovery of the saturation up to 99%. This pos-
tural worsening was not observed in the ﬁrst hypoxemic
event. Although anticoagulant therapy was continued for 3
months, postural hypoxemia was not alleviated and she was
referred to our institution for further analysis. On physical
examination, no murmur was audible on repeated ausculta-
tion. The blood pressure was 124/76mmHg and heart rate
was 81 beats/min, respiratory rate was 26/min. All ﬁnd-
ings of physical examination were unchanged by posture
except for severe cyanosis in the right lateral decubitus
position. Laboratory data were normal. Marked hypoxemia
was noted in the right lateral decubitus position with the
following arterial blood gas levels: inspired 2 l/h oxygen;
PaO2, 55.3mmHg; PaCO2, 42.1mmHg; and pH 7.40 (PaO2,
120.7mmHg; PaCO2, 37.2mmHg; and pH 7.43 in the sitting
l
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dored-Doppler in the mid-upper esophagus at 63 showing that
men ovale and upper part of the right atrium was compressed
orta; LA, left atrium; RA, right atrium.
osition). The percentages of the venous to arterial shunt
alculated during breathing 100% oxygen were increased in
he right lateral decubitus position (23.3% vs. 3.95%, right
ateral decubitus position vs. sitting position). An electro-
ardiogram was normal. A chest X-ray demonstrated normal
ung ﬁelds and protrusion of the right ﬁrst arch in the heart
gure. CT scans of the chest conﬁrmed the absence of
hrombi in pulmonary arteries and arteriovenous malforma-
ions. CT scans of the brain and kidney revealed multiple
mall infarct lesions in the brain, presumably due to the
aradoxical cerebral infarction. A transthoracic echocardio-
ram showed well contracting heart chambers with normal
izes and normal heart valves. Also, no elevation of the right
eart and pulmonary artery pressures was found.
The presence of PFO was detected with transesophageal
chocardiography (TEE). The blood stream of the right-
o-left shunting across the PFO from inferior vena cava
as observed with contrast and colored-Doppler echocar-
iography in the right lateral decubitus position. Supine
nd left lateral decubitus position abated the right-to-left
hunting despite the Valsalva maneuver (Fig. 1). Cardiac
atheterization was performed in both the right lateral
ecubitus and supine positions. There was no signiﬁcant
oronary artery narrowing. There was elevation of neither
ight heart pressure nor pulmonary artery pressure. The car-
iac catheterization conﬁrmed the presence of the PFO with
o evidence of the right-to-left pressure gradient (Fig. 2).
lood gas sampling was conducted in each position and
he percentage of pulmonary to systemic shunt (Qp/Qs)
as calculated. The right-to-left shunting was signiﬁcantly
ncreased in the right lateral decubitus position (0.68 vs.
.92, right lateral decubitus position vs. supine position).
losure of the PFO was indicated because the right-to-
eft shunting caused position-dependent severe hypoxemia.
lthough the closure of the PFO by catheter intervention
as considered at ﬁrst, it was switched to surgical clo-
ure because the ridge of the PFO was not enough large for
eploying the device. At operation, the presence of the PFO
e90 T. Tada et al.
Figure 2 Pressure data on the right heart catheterization and trans-septal left-heart catheterization via the patent foramen
ovale. There was no right-to-left pressure gradient between right atrium (red) and left atrium (yellow). SVC, superior vena cava;
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tVC, inferior vena cava; RA, right atrium; LA, left atrium; RV, righ
For interpretation of the references to colour in this ﬁgure leg
as conﬁrmed and the atrial septum was ﬂoppy, but not
neurysmal. It was noted that the patient’s enlarged aortic
oot pressed the heart inferiorly and compressed the upper
art of the right atrium. A large Eustachian valve, which is
n embryonic remnant of the right valve of the sinus veno-
us, was observed in the right atrium. The valve was not
etected with TEE preoperatively. This valve serves to con-
uct the blood stream from the inferior vena cava through
he fossa ovalis into the left atrium in the embryonic life.
After surgery, the patient became asymptomatic and
ypoxemia induced by the right lateral decubitus position
isappeared and repeated blood gas analysis revealed that
he position-dependent hypoxemia was no longer present.
fter a normal postsurgical course, the patient left the
ntensive care unit on the 3rd day and was discharged on
he 14th day. Anticoagulant therapy with warfarin was con-
inued until 6 months after the cardiac surgery and then
topped.
iscussion
PFO is a defect in the atrial septum that results from
ncomplete fusion of the septum primum to the septum
ecundum. The persistence of the PFO into adulthood is
ommon (25—30% in the general population) and some-
imes leads to several complications, including paradoxical
mbolism of thrombi as well as air, migraine, and refractory
ypoxemia. Normally, even if a potential channel between
he atria remains, the higher left atrial pressure keeps the
ap-like valve of the foramen ovale opposed to the sep-
um secundum. Most cases of sustained right-to-left shunting
hrough the PFO are seen under conditions where right atrial
ressure exceeds that of the left, making the potential PFO
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rtricle; PA, pulmonary artery; PCW, pulmonary capillary wedge.
the reader is referred to the web version of the article.)
pen. However, in our case the right-to-left shunting was
bserved in the absence of any demonstrable pressure gra-
ient between the right and left atria. Right-to-left shunting
espite normal right atrial pressure has been reported after
ight pneumonectomy or in association with venous embry-
nic remnants [1]. In these situations, an altered geometric
elation between the caval veins and the atrial septum
resumably accounts for ﬂow-related rather than pressure-
elated shunting.
This case study documents a 68-year-old woman patient
resenting with hypoxemia caused by a signiﬁcant increase
n the right-to-left shunting across the PFO in the right lat-
ral decubitus position. The right-sided cardiac pressures
ere normal in all recumbent positions. TEE and operative
ndings revealed that the upper part of the right atrium
as compressed by the enlarged aortic root, and contrast
nd colored-Doppler echocardiography visualized the direct
lood ﬂow from the inferior caval vein to the PFO in the right
ateral decubitus position. These ﬁndings were not observed
n the supine and left lateral decubitus position. Further-
ore, a large Eustachian valve was observed in the right
trium during open heart surgery. It is likely that compres-
ion by the enlarged aortic root and the presence of the
ustachian valve changed a sac-like structure of the right
trium into a tube-like one especially in the right lateral
ecubitus position. This structural change lost the function
f the right atrium as a chamber and it conducted the direct
lood stream into the PFO (Fig. 3). The remaining question in
his patient is why the right-to-left shunting across the PFO
uddenly occurred. Preceding pulmonary embolism appears
o be the key to answer the question. It is presumable that
ulmonary embolism led to a temporal elevation of the right
eart and pulmonary arterial pressures and it caused the
eopening of the closed foramen ovale. After anticoagulant
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ovale and its contribution to hypoxemia in patients with obstruc-
tive sleep apnea. Chest 1998;113:91—6.
[3] Beelke M, Angeli S, Del Sette M. Obstructive sleep apnea can be
provocative for right-to-left shunting through a patent foramen
ovale. Sleep 2002;25:856—62.Figure 3 Schema of our case. Compression by the enlarged ao
structure of the right atrium into a tube-like one especially in th
therapy with warfarin, we observed normalized right-sided
cardiac pressures but PFO remained. This may explain the
cause of sudden occurrence of hypoxemia in this patient.
There are no reports documenting the reopening of the PFO
in adulthood, but the following study suggests its possibility.
Shanoudy et al. reported an increased prevalence of PFO in
subjects with obstructive sleep apnea (OSAS) compared with
the control group (69% vs. 17%) [2]. It may be explained by
the enhanced right-sided cardiac pressures due to transient
but frequent elevations of right-sided pressure during apnea
which could cause the reopening of the closed foramen
ovale [3].
To the best of our knowledge, this is the ﬁrst case of
reopening of the foramen ovale, which caused sudden onset
of position-dependent hypoxemia.oot and the presence of the Eustachian valve changed a sac-like
ht lateral decubitus position. Ao: aorta, Eust: Eustachian valve.
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